ABSTRACT: Soil water deficits may affect the location and pattern of flower and pod production on different stem axes of a bean plant. The objective of this study was to understand the effect of drought stress on the distribution of flowers and pods on the main stem and on branches of bean plants. The experiment was conducted in a shelter field facility. Water stress was imposed from the end of the vegetative stage to physiological maturity and soil water was measured with a neutron probe every two weeks. Formation of flowers at each node of the main stem was monitored at 44 days after planting (DAP) and formation of pods at 55DAP and 65 DAP. Dry weight of stems and leaves as well leaf area were measured during the middle of the pod filling stage (55DAP). The total number of flowers reached maxima of 32 and 44 flowers per plant for the drought and irrigated treatments, respectively. Number of flowers on branches decreased 50% in the stress treatment when compared to the control. Pod setting was also reduced on the branches of the lower nodes of the main stems. Under drought, the leaf area diminished by 60.1% and 10.4% on branches and main stem, respectively. The field drought conditions of this experiment had a greater effect on the vegetative and reproductive growth of branches as compared to the main stem affecting the final yield. Key words: dry beans, soil water, flowers, pod setting, branches
INTRODUCTION
Drought stress is a main constraint to agricultural production including terminal stresses observed in low rainfall areas of the world where dry bean is an important crop. Soil water deficits that occur during the reproductive growth are considered to have the most adverse effect on crop yield (Costa-Franca et al., 2000; Baigorri et al., 1999) . Several studies have shown that water deficits imposed during the reproductive development of dry beans can decrease the number of flowers, pods and number of seeds per pod (Xia, 1997; Loss & Siddique, 1997) . The total number of flowers in some varieties may be reduced up to 47% under drought conditions affecting the number of pods per plant. However pod setting itself may also vary among dry bean cultivars in response to water deficits. Pod abortion under stress has been observed in a range between 21 and 65% (Mwanamwenge et al., 1999; Wein et al., 1973) . In general, the number of pods per plant seems to be the yield component that is most affected by drought stress during flowering and can reduce final grain yield up to 70% depending on the dura-tion and intensity of the stress period (Lopez et al., 1996) . On the other hand, the number of seeds per pod of dry beans seems to be a more consistent yield component under drought stress and seed size variation has been reported to be of minor importance (Xia, 1997; Farah, 1981) . However, less is known about the impact of drought stress on the distribution of flowers and pods of different nodes and plant axes. It is also not clear how an increase in soil moisture deficit under terminal stresses might affect the dynamics of the reproductive traits and the relationship with vegetative growth of main stems and branches of short term-determinate varieties. The objective of this research was to investigate, under field conditions, the effect of terminal water stress on the distribution of vegetative and reproductive traits between the main stem and branches of a determinate dry bean variety.
MATERIAL AND METHODS
This study was conducted at the field soil-water laboratory of the Kellogg Biological Station at the Michigan State University, USA dry bean plants (Phaseolus vulgaris L.) were grown in the field under an automatic rainout shelter facility that was used to fully control water inputs and drought stress treatments. The experimental area under the rain out shelter was totally protected during rainfall events. The shelter close and opens automatically before and after each rainfall, as described by Martin et al. (1988) . The experimental unit consisted of a plot of six rows, 6 m long with an inter-row spacing of 0.71 m, each plot with an independent control system for irrigation. A completely random design was used with five replicates per treatment. The field consisted of a sandy Psmmentic Hapludalf of 1.5 m depth. A short season dry bean variety (cultivar Seafarer) was used. This genotype was selected because it yields well under drought conditions and seems to be adapted to rainfall patterns with scarce water at the end of the season, known as terminal drought stress condition. Seeds were planted in excess and thinned after emergence to a density of 16 plants m -2 . Fertilizer was applied along rows at rates of 120-100-100 (N-P 2 O 5 -K 2 O). Nitrogen fertilizer was split in two applications, at planting and 20 DAP. The irrigation system, as described by NeSmith et al. (1990) operated three times per week to keep soil water content of the irrigated control close to the drained upper limit (field capacity)during the entire growing season. Irrigation for the stress treatment stopped at 27 DAP initiating a terminal water deficit from the end of the vegetative stage to physiological maturity. To monitor soil water, aluminum tubes were installed down to the 1.7 m depth, in the central row of each plot, and measurements were made using a neutron probe. Soil water content was measured at five depths (0.25, 0.50, 0.75,1.0, 1.25 and 1.5 m) in two-week interval. During flower initiation, ten plants per treatment were tagged to measure changes in the total number of flowers including the main stem and branches. Flowers of the tagged plants were counted in a non-destructive way every other day to characterize the dynamics of total flowering. To describe the distribution of flowers on the main stem and branches, ten plants per treatment were tagged and flowers were counted on each node at almost full flowering (44DAP). The first node on the main stem was considered as the one with the first trifoliate leaf (node zero the one with the unifoliate leaves). Twenty additional plants per treatment were randomly selected to measure the effect of the two different water regimes on pod setting at 55 and 65 DAP. Pods were counted after they reached a length of one or more centimeters. To determine the impact of drought stress and irrigation on the vegetative growth of the main stem and branches, an area of about 0.25 m 2 (4 plants per plot) were sampled at 55 DAP to measure both, leaf area and dry matter production. The leaves were separated from the main stem and branches and leaf area was determined with a leaf area meter (Licor 3600). The plant components were placed in paper bags and oven dried at 70ºC for 72 hours and the data for the four plants were averaged to obtain leaf area and dry matter per plant per plot. At the end of the season, 20 plants per treatment (four plants per replication) were sampled for estimating the average number of pods per plant, seeds per pod and weight of individual seeds. For total dry matter production and final yield, an area of 4m 2 per plot was harvested at the end of the season. Seed yield is reported at 12% of seed moisture and all data were statistically analyzed using analysis of variance
RESULTS AND DISCUSSION
The changes in soil water content over time for the drought stress treatment are shown in Figure 1 . The water deficit started on 27 DAP with a rapid depletion of soil water in the top 0.75 m layer. After 55 DAP, most of the soil water of this treatment was absorbed from depths below 0.75 m. By the end of the season (69DAP), no major changes in soil water content were observed, indicating that plants have reached the lower limit of water availability (permanent wilting point). For the irrigation treatment, moisture in the top 1.5 m of soil profile was kept near to the drained upper limit or field capacity (0.16-0.18 cm 3 cm -3 ) for the entire growing season (data not shown).
The drought stress treatment slightly hastened flower initiation and decreased the total number of flowers per plant as observed in Figure 2 . The total number of flowers reached a maximum of 32 and 44 flowers with a daily increase of 2.3 and 3.8 flowers per plant. Day for the drought and irrigated treatment respectively. The dis-tribution of flowers along the main stem and branches was observed at almost full flowering (44 DAP) as shown in Figure 3 . For both treatments, all flowers for the first 4 nodes were located on branches and they were the most affected by the drought stress. For branches growing out of the first node of the main stem, the number of flowers decreased by 51% as compared to the irrigated treatment. For branches of the second and third node the number of flowers decreased on the average 45%. Flowers above node number 4 were located on the main stem and there was no difference between the two treatments. Mwanamwenge et al. (1999) reported that the total number of flowers per plant for several dry bean varieties could be reduced up to 47% under drought conditions and, as it can be seen in the current research, the main effect may be located on branches of the lower nodes. The distribution of pods was also affected by the soil moisture deficit. At 55 DAP, most of the water was depleted from the top 0.75m soil layer and this increasing drought condition induced a further effect on pod setting for both, main stem and branches. From 55 DAP to 65 DAP almost 100% of the pods were aborted from the branches located on the first four nodes of the main stem. From node 5 to 10 pod abortion reached only an average of 15% during the same period (Figures 4 and 5) .
Under stress, the decrease on the number of flowers and pods for some legumes, such as soybeans, is due to a great extent to a limited vegetative growth (Board et , 1990; Remseur et al., 1984; Xia, 1994) . The effect of the soil moisture treatments on dry weight of branches and main stems is shown in Table 1 . Under stress, the dry weight of stem-branches was reduced by 43.0% as compared to 16.9% of the main stem. Dry weight of leaves located on branches was reduced by 56.3% as compared to 15.0% for the leaves located on the main stem. Leaf area was also limited by the drought condition in both, main stem and branches. Under stress, leaf area in the main stem was reduced by 10.4% as compared to the reduction of 60.1% observed in branches. Stress occurring from initial flowering to the pod filling stage might affect pod setting and yield through a reduction of the vegetative growth of branches located in the lower nodes of the main stem (Board & Harville, 1998; Linkemer et al., 1998) and good correlations have been shown between branch vegetative growth and final yield (Frederick et al., 2001) .
Limiting the vegetative growth of branches may decrease the source /sink relationship between leaves and pods. Mauk & Breen (1986) found for snap beans that 34% of 14 C assimilates translocated from a labeled leaf was recuperated in the nearby inflorescence as compared to 2% recuperated on a distant raceme node. Tanaka & Fujita (1979) also showed that most of the photosyntates of a given leaf ended up in the flowers, pods and axis of the same leaf. They also claimed that flowers and pods growing nearby smaller leaves tended to abscise.
The effect of drought stress on flowering and pod setting on the different plant axes had influence on yield and yield components, as shown in Table 2 . The yield component mostly affected during the stress period was pods per plant with a reduction 63.3% as compared to 28.9% and 22.3% observed on seeds per pod and weight of seeds, respectively. The decrease in yield of grain legumes grown under drought conditions is largely due to the reduction in the number of pods per plant (Muchow, 1985; Lopez et al., 1996; Pilbeam et al., 1992) . However, when soil moisture reaches the lower values of available soil water the number of seeds per pod and the weight of individual seeds may play an important role in diminishing the harvest index and final yield. Seed yield and harvest index were reduced by 80.2% and 25.7%, respectively.
The drought stress imposed in this study affected the vegetative growth of both, main stem and branches of the dry bean plants, however branch growth was the most affected, limiting significantly the number of flowers, pods and final yield. This indicated that branch growth may be and important trait that may be used by plant breeders to achieve higher yield in determinate dry bean varieties. -----------------------------t  n  a  l  p  r  e  p  g  -----------------------------m  c  ---------------2   ------------- 
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